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DESCRIPTION 

HEAT ROLLER AND METHOD OF FABRICATING THE SAME 

5 CROSS-REFERENCE TO RELATED APPLICATIONS 

This application is a continuation of 
PCT/JP02/05444 , filed on June 3, 2002, the contents being 
incorporated therein by reference. 

10 TECHNICAL FIELD 

The present invention relates to a heat roller and a 
method of fabricating the same. In particular , the 
present invention relates to,, for example, a heat roller 
suitable for use in a fixing device used in an 
15 electrophotographic device. 

BACKGROUND ART 
An electrophotographic device (copying machine, 
facsimile device, printer and the like) has an image 
forming device and a fixing device for fixing an image 
2 0 formed and transferred onto a sheet by the image forming 

device. The fixing device includes a heat roller. 

A heat roller is formed of a metallic ring member, 
rubber covering the metallic ring member and a halogen 
lamp arranged inside the metallic ring member. However, 

2 5 the halogen lamp is low in thermal efficiency, and 

moreover, the rubber covering the metallic ring member 
reduces the thermal efficiency. In addition, it takes 
several ten seconds to several minutes to reach a 
predetermined temperature, so that a preheating is 

3 0 required during a stand-by period. 

Recently, there has been developed a directly-heated 
heat roller including a sheet-like heating element in 
which a resistance member is embedded in an insulating 
member. This heat roller has high thermal efficiency, 
35 since the resistance member generates heat when electric 
current flows through the resistance member and the heat 
is conducted thereby to heat a sheet directly. The 
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sheet-like heating element is at first formed as a flat 
heating sheet. The heating sheet is rounded to form a 
cylindrical sheet-like heating element. The sheet-like 
heating element cannot keep its cylindrical shape with 
5 this state, so that it is attached on an inner surface of 

a metallic cylindrical tube for use. However, attaching 
the sheet-like heating element onto the inner surface of 
the cylindrical tube is difficult work. 

Therefore, a method for fabricating a heat roller 

10 has been proposed wherein a cylindrical sheet-like 

heating element is sandwiched between an inner tube and 
an outer tube that compose a duplex tube. Firstly, the 
inner tube is arranged on the inner surface side of the 
cylindrical sheet-like heating element, and then, the 

15 outer tube is arranged on the outer surface side of this 
heating element. Then, pressurized fluid is supplied to 
the inner tube to expand the inner tube and the sheet- 
like heating element toward the outer tube, whereby the 
sheet-like heating element is brought into intimate 

20 contact with the inner tube and the outer tube. In this 

fabrication process, it is unnecessary that the sheet- 
like heating element is brought into contact with the 
inner tube and with the outer tube, thereby providing a 
simple assembling operation. After a heat roller 

25 including the sheet-like heating element is manufactured 

in this way, the surface of the heat roller is finished 
to have a desired shape with a turning machine. If the 
heat roller is used in the fixing device, for example, 
the surface of the heat roller is desired to be finished 

30 into a reverse-crown shape. Further, a convex section or 

a concave section is provided at the edge section of the 
heat roller in order to attach the heat roller to a 
shaft, or a gear is attached. 



35 



SUMMARY OF THE INVENTION 
In view of the problems noted above, the present 
invention aims to provide a heat roller including a 
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sheet-like heating element, an inner tube and an outer 
tube and capable of being easily manufactured into a 
desired shape. 

A heat roller according to the present invention 
5 includes a cylindrical sheet-like heating element having 

a resistance member embedded in an insulating member, an 
inner tube that comes in intimate contact with an inner 
surface of the sheet-like heating element and an outer 
tube that comes in intimate contact with an outer surface 

10 of the sheet-like heating element, wherein the outer tube 

has a non-linear shape seen in an axial direction* 

The heat roller according to the present invention 
can be used, for example, in a fixing device, has high 
thermal efficiency and can relatively simply be 

15 fabricated. The outer tube is preferably formed into a 

reverse-crown shape seen in the axial direction. 

A method of fabricating a heat roller, according to 
the present invention, including a cylindrical sheet-like 
heating element having a resistance member embedded in an 

20 insulating member, an inner tube that comes in intimate 

contact with the inner surface of the sheet-like heating 
element and an outer tube that comes in intimate contact 
with the outer surface of the sheet-like heating element, 
is such that the inner tube is arranged on the inner 

25 surface side of the sheet-like heating element, the outer 

tube is arranged on the outer surface side of the sheet- 
like heating element, the inner tube, sheet-like heating 
element and outer tube are inserted into a die having a 
non-linear inner shape seen in the axial direction, 

30 pressurized fluid is supplied to the inner tube to expand 

the inner tube, sheet-like heating element and outer tube 
toward the die for forming the outer tube so as to match 
with the inner shape of the die. 

In this way, the heat roller having, for example, a 

35 reverse-crown shape can easily be fabricated. 

Moreover, a method of fabricating a heat roller, 
according to the present invention, including a 
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cylindrical sheet-like heating element having a 
resistance member embedded in an insulating member, an 
inner tube that comes in intimate contact with an inner 
surface of the sheet-like heating element and an outer 
5 tube that comes in intimate contact with an outer surface 

of the sheet-like heating element, is such that the inner 
tube is arranged on the inner surface side of the sheet- 
like heating element, the outer tube is arranged on the 
outer surface side of the sheet-like heating element, the 

10 inner tube, sheet-like heating element and outer tube are 

inserted into a die having a convex section or a concave 
section at its edge section, pressurized fluid is 
supplied to the inner tube to expand the inner tube, 
sheet-like heating element and outer tube toward the die 

15 for forming the edge section of the inner tube into a 
shape having a convex section or a concave section 
corresponding to the convex section or the concave 
section of the die. 

In this way, a heat roller to which, for example, a 

20 bearing or gear can be provided can easily be fabricated. 

Moreover, a method of fabricating a heat roller, 
according to the present invention, including a 
cylindrical sheet-like heating element having a 
resistance member embedded in an insulating member, an 

25 inner tube that comes in intimate contact with an inner 

surface of the sheet-like heating element and an outer 
tube that comes in intimate contact with an outer surface 
of the sheet-like heating element, is such that the inner 
tube is arranged on the inner surface side of the sheet- 

30 like heating element, the outer tube is arranged on the 

outer surface side of the sheet-like heating element, the 
inner tube, sheet-like heating element and outer tube are 
inserted into a die, a ring member is arranged at an edge 
section of the inner tube, pressurized fluid is supplied 

35 to the inner tube to expand the inner tube, sheet-like 

heating element and outer tube toward the die for forming 
the edge section of the inner tube so as to match with 
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the inner shape of the die and the ring member is fixed 
to the edge section of the inner tube. 

In this way, a heat roller having a ring member 
provided thereto can easily be fabricated, 

5 

BRIEF DESCRIPTION OF THE DRAWINGS 
Preferred embodiments of the present invention will 
be described in detail based on the followings, wherein: 
Fig. 1 is a side view showing one example of a 
10 fixing device including a heat roller according to the 

present invention; 

Fig. 2 is a side view showing another example of a 
fixing device including a heat roller according to the 
present invention ; 
15 Fig. 3 is a side view showing another example of a 

fixing device including a heat roller according to the 
present invention ; 

Fig. 4 is a sectional view showing a heat roller 
before tube expansion; 
20 Fig. 5 is a sectional view showing a heat roller 

after the tube expansion; 

Fig. 6 is a sectional view showing a heat roller 
taken along a line VI-VI in Fig. 7; 

Fig. 7 is a plan view showing a pattern of a 
25 resistance member of a heating sheet; 

Fig. 8 is a sectional view showing a step of a 
fabrication method of a heat roller before tube 
expansion; 

Fig. 9 is a sectional view showing a tube expansion 
30 step of a fabrication method of a heat roller; 

Fig. 10 is a front view showing a heat roller 
fabricated by the fabrication method of the heat roller 
in Figs. 8 and 9; 

Fig. 11 is a front view showing another embodiment 
35 of a heat roller according to the present invention; 

Fig. 12 is a front view showing a modified example 
of the heat roller shown in Fig. 11; 



Fig. 13 is a front view showing a modified example 
of the heat roller shown in Fig. 11; 

Fig. 14 is a sectional view showing a step of a 
fabrication method of a heat roller before tube expansion 
5 in another example; 

Fig. 15 is a sectional view showing a tube expansion 
step of a fabrication method of a heat roller; and 

Fig. 16 is a front view showing a heat roller 
fabricated by the fabrication method of the heat roller 
10 in Figs. 14 and 15. 

BEST MODE FOR CARRYING OUT THE INVENTION 
Fig. 1 is a side view showing a fixing device 
including a heat roller according to one embodiment of 

15 the present invention. A fixing device 10 includes a 

heat roller 12 and a pressure roller 14 that is pressed 
into contact with the heat roller 12 and is covered with 
rubber. A sheet 16 is transported between the heat 
roller 12 and the pressure roller 14 , whereupon toner 

20 carried by the sheet 16 is melted by heat generated by 

the heat roller 12 and is pressurized between the heat 
roller 12 and the pressure roller 14, to thereby be 
fixed . 

Fig. 2 is a side view showing a fixing device 
25 including a heat roller according to another embodiment 

of the present invention. A fixing device 10 includes a 
heat roller 12 and a heat roller 18, serving as a 
pressure roller, that is pressed into contact with the 
heat roller 12. The heat roller 18 has a configuration 
30 similar to that of the heat roller 12. In this case, a 

toner carried by the sheet 16 is melted by heat generated 
by the heat rollers 12 and 18 and is pressurized to be 
fixed . 

Fig. 3 is a side view showing another example of a 
35 fixing device including the heat roller according to the 

present invention. A fixing device 10 has the heat 
roller 12, fixing roller 20, belt 22 bridged to the heat 
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roller 12 and the fixing roller 20 and a pressure roller 
24 that is pressed in contact with the fixing roller 20 
via the belt 22. In this case, heat generated by the 
heat roller 12 is transmitted to the sheet 16 via the 
5 belt 22, whereby toner carried by the sheet 16 is melted 
by the heat generated by the heat roller 12, pressurized, 
and then, fixed. A heat roller can be used instead of 
the pressure roller 24. 

Figs. 4 and 5 are sectional views each showing the 

10 heat roller 12 shown in Figs. 1 to 3 . Fig. 4 shows the 

heat roller 12 before the tube expansion (during the 
fabrication process), while Fig. 5 shows the heat roller 
12 after the tube expansion. In Fig. 5, the heat roller 
12 includes the cylindrical sheet-like heating element 

15 26, the inner tube 2 8 that comes in intimate contact with 

the inner surface of the sheet-like heating element 26 
and the outer tube 3 0 that comes in intimate contact with 
the outer surface of the heating element 26. In Fig. 4, 
a gap is present between the sheet-like heating element 

20 26 and the inner tube 28 and a gap is present between the 

sheet-like heating element 26 and the outer tube 30. 

Fig. 6 is a sectional view showing the heat roller 
12 taken along a line VI-VI in Fig. 7. The sheet-like 
heating element 26 has a heating sheet 26a wherein a 

25 resistance member 32 is embedded in insulating members 34 

and 36. The resistance member 32 is formed on the 
insulating member 34 and covered with the insulating 
member 36. For example, the insulating members are made 
of a polyimide type heat-resistant resin and the 

30 resistance member 32 is made of stainless steel. The 

heating sheet 26a is formed as a flat sheet. It is 
rounded to join both ends of the sheet, to thereby be 
formed into the cylindrical sheet-like heating element 
26. The inner tube 28 is made of a relatively soft 

35 aluminum type material so as to be deformable while the 

outer tube 30 is made of a relatively hard aluminum type 
material such that the heat roller 12 keeps the 
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cylindrical shape . 

Fig, 7 is a plan view showing a pattern of the 
resistance member 32 on the insulating member 34 of the 
heating sheet 26a. The resistance member 32 is formed on 
5 the insulating member 34 so as to meander. The 

insulating member 36 is laminated on the insulating 
member 34 having the resistance member 32 formed thereon. 
Electric current flows through both ends of the 
resistance member 32, so that the resistance member 32 

10 generates heat, and the generated heat is transmitted to 

the sheet 16 via the outer tube 30. 

Figs. 8 and 9 are sectional views showing a 
fabrication process of the heat roller 12. Fig. 8 shows 
a step before the tube expansion while Fig. 9 shows a 

15 tube expansion step. In Fig. 8, an outer shape die for 

tube expansion formed of an upper die 3 8 and lower die 4 0 
is prepared. The outer shape die for tube expansion 
formed of an upper die 38 and lower die 40 has non-linear 
inner shapes 38a and 40a. Further, a pressurized fluid 

20 supplying tube 42 and a pressurized fluid discharging 

tube 4 4 are prepared. 

A heat roller assembly having the cylindrical sheet- 
like heating element 26, inner tube 28 and outer tube 30 
is inserted into the outer shape die for tube expansion 

25 having the upper die 38 and the lower die 40. As shown 

in Fig. 4, the inner tube 28 is arranged at the inside of 
the sheet-like heating element 26 while the outer tube 30 
is arranged at the outside thereof. At this time, a gap 
may be formed between the sheet-like heating element 26 

30 and the inner tube 28 and a gap may be formed between the 

sheet-like heating element 26 and the outer tube 30, 
whereby the heat roller assembly can easily be assembled. 
It is to be noted that the sheet-like heating element 26 
may be in partial contact with the inner tube 28 and with 

35 the outer tube 30. 

In Fig. 9, the pressurized fluid supplying tube 42 
and the pressurized fluid discharging tube 44 are 



connected to the edge section of the inner tube 2 8 , and 
then, the upper die 3 8 and the lower die 4 0 are brought 
close to each other to close the outer shape die for tube 
expansion . 

5 Pressurized fluid (e.g., water) is supplied into the 

inner tube 28 from the pressurized fluid supplying tube 
42 with a pressure of 60 Kg/cm 2 . Then, the inner tube 2 8 
is expanded and brought into intimate contact with the 
sheet-like heating element 26 to thereby expand the 

10 sheet-like heating element 26, whereby the sheet-like 

heating element 26 is brought into intimate contact with 
the outer tube 3 0 to thereby expand the outer tube 30. 
The expansion of the outer tube 30 is restricted by the 
outer shape die for tube expansion formed of the upper 

15 die 38 and the lower die 40. As described above, the 

heat roller assembly including the sheet-like heating 
element 26, inner tube 28 and outer tube 30 is expanded 
toward the outer shape die for tube expansion, with the 
result that the inner tube 2 8 is brought into intimate 

20 contact with the sheet-like heating element 26 and the 

sheet-like heating element 26 is brought into intimate 
contact with the outer tube 30, and further, the outer 
tube 3 0 is formed so as to match with the inner shape of 
the outer shape die for tube expansion. 

25 As shown in Fig. 8, the inner shapes 38a and 40a of 

the upper die 38 and the lower die 40 are formed into a 
crown shape in which a center section in the longitudinal 
direction rises. 

Fig. 10 is a front view showing the heat roller 12 

30 fabricated by the fabrication process of the heat roller 

shown in Figs. 9 and 10. The outer tube 30 formed by the 
outer shape die having a crown-shaped cavity is formed 
into a reverse-crown shape. The outer tube 30 has a 
small-diameter section 30a at its center and a taper 

35 section 30b whose diameter is widened toward the edge 

section from the small-diameter section 30a at the 
center. Specifically, the outer tube 30 has a non-linear 
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shape in the axial direction. In the present invention, 
the outer tube 30 is not formed such that only the outer 
surface of the outer tube 30 is formed into the reverse- 
crown shape like the case where the outer surface of the 
5 outer tube 30 is cut by a turning machine, but formed 

such that the inner surface of the outer tube 30 is also 
formed into the reverse-crown shape. 

A broken line represents a cylindrical surface 
connecting both edge sections of the outer tube 30. The 

10 difference between the diameter of the small-diameter 
section 30a at the center of the outer tube 30 and the 
diameter of both edge sections of the outer tube 30 of 
the heat roller 12 does not necessarily have to be so 
great. For example, if the length of the heat roller 12 

15 is approximately 350 mm, the difference between the 
diameter of the small-diameter section 30a and the 
diameter of both edge sections may be about 0.1 mm. The 
heat roller 12 formed into a reverse-crown shape can 
prevent the sheet 16 from being wrinkled or can prevent 

20 that the pressure distribution in the axial direction 

becomes non-uniform. In this way, the directly-heated 
heat roller 12 including the sheet-like heating element 
26 and having a reverse-crown shape can easily be 
fabricated. In particular, assembling and tube expansion 

25 of the directly-heated heat roller 12 can be performed 

simultaneously with the formation of the outer shape, 
thereby being capable of accomplishing remarkably reduced 
cost . 

Fig. 11 is a front view showing a heat roller 
30 according to another embodiment of the present invention. 

The heat roller 12 includes, as explained with reference 
to Figs. 4 to 7 , the sheet-like heating element 26, inner 
tube 28 and outer tube 30. The heat roller 12 is, as 
explained with reference to Figs. 8 and 9, fabricated in 
35 the same manner using the outer shape die formed of the 

upper die 38 and the lower die 40. The upper die 38 and 
the lower die 40 are partially represented in Fig. 11. 
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Provided at the edge section of the upper die 38 and 
the lower die 40 are step sections 38b and 40b formed of 
a convex section and concave section. Accordingly, the 
heat roller 12 is formed according to the outer shape die 
5 for tube expansion with the upper die 38 and the lower 

die 40 and a step section 28a having a convex section and 
concave section is formed at the edge section of the 
inner tube 28 at the edge section of the heat roller 12, 
when the heat roller 12 is fabricated in a manner as 

10 explained with reference to Figs. 8 and 9, A bearing, 

for example, can be attached to this step section 28a. 
An external electrode can also be attached to this step 
section 28a, for example. The outer tube 30 is 
preferably formed into a reverse-taper shape, but it may 

15 have a cylindrical shape. 

Fig. 12 is a front view showing a modified example 
of the heat roller shown in Fig. 11. In this example, 
the outer shape die formed of the upper die 38 and the 
lower die 40 is used as explained with reference to Figs. 

20 8 and 9. In Fig. 12, only the upper die 38 is 

represented. The upper die 38 has a convex section 38c 
at its edge section. Accordingly, the heat roller 12 is 
formed according to the outer shape die for tube 
expansion composed of the upper die 38 and the lower die 

25 40, and a concave section 28b is formed at the edge 

section of the inner tube 28 at the edge section of the 
heat roller 12. An O-ring, an E-ring or a snap ring, for 
example, can be attached to this concave section 28b. 

Fig. 13 is a front view showing a modified example 

30 of the heat roller shown in Fig. 11. In this example, 

the outer shape die formed of the upper die 38 and the 
lower die 40 is used as explained with reference to Figs. 
8 and 9. In Fig. 13, only the upper die 38 is 
represented. The upper die 38 has a concave section 38d 

35 at its edge section. Accordingly, the heat roller 12 is 

formed according to the outer shape die for tube 
expansion with the upper die 38 and the lower die 40, and 
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a convex section 28c is formed at the edge section of the 
inner tube 28 at the edge section of the heat roller 12. 
This convex section 28c can be used, for example, as a 
stopper for attaching a ring member such as a snap ring, 
5 Fig, 14 is a sectional view showing a step before 

the tube expansion of the fabrication process of the heat 
roller according to another example. Fig. 15 is a 
sectional view showing a tube expansion step of the 
fabrication process of the heat roller. Fig. 16 is a 

10 front view showing the heat roller fabricated by the 

fabrication process of the heat roller shown in Figs. 14 
and 15, The heat roller 12 includes the sheet-like 
heating element 26, inner tube 28 and outer tube 30 as 
explained with reference to Figs. 4 to 7 . The heat 

15 roller 12 is fabricated in the same manner using the 

outer shape die for tube expansion with the upper die 38 
and the lower die 40, as explained with reference to 
Figs. 8 and 9. 

In this example, a flange (ring member) 46 is fitted 

20 to the exposed edge section of the sheet-like heating 

element 26 of the heat roller 12. The upper die 38 and 
the lower die 40 have concave sections 38e and 4 0e at the 
position corresponding to the flange 46. The flange 46 
is made separate from the heat roller 12 with a resinous 

25 material or a metallic material, and attached to the heat 

roller 12. The flange 46 has a concave section 46a at 
the inside thereof. 

Therefore, when pressurized fluid is supplied to the 
inner tube 28, a part of the inner tube 2 8 and the sheet- 

30 like heating element 26 is fitted into the concave 

section 46a of the flange 46, so that the flange 46 is 
fixed to the heat roller 12. Specifically, the heat 
roller 12 is formed according to the outer shape die for 
tube expansion with the upper die 3 8 and the lower die 

35 40, and the flange 46 can be fixed to the heat roller 12. 

The flange 46 can be used for various objects. For 
example, a gear can be attached to the flange 46. 
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Alternately , the flange 4 6 may be a part of a conductive 
member for electrically connecting the resistance member 
32 of the sheet-like heating element 26 and a power 
source . 

5 As explained above, the present invention can 

provide various heat rollers each having various outer 
shape specification with low cost. Further, the present 
invention can provide a heat roller capable of reducing 
processing cost for performing positioning or fixation in 
10 installing an external electrode, bearing, flange and the 

like . 



